Quantitative proteomic analysis of the cellulolytic system of Clostridium termitidis CT1112 reveals distinct protein expression profiles upon growth on α-cellulose and cellobiose.
Clostridium termitidis CT1112 is an anaerobic, mesophilic, cellulolytic bacterium with potential applications in consolidated bioprocessing of lignocellulosic biomass. To understand how C. termitidis degrades lignocellulose, iTRAQ-based 2D HPLC-MS/MS proteomics was used to measure protein expression in cell lysates and extracellular (secretome) fractions of C. termitidis grown on α-cellulose and cellobiose at both exponential and stationary growth phases. Exoglucanases (GH48, GH9), endoglucanases (GH5, GH8, GH9), hemicellulases including xylanases (GH8, GH10, GH11, GH30) and mannanase (GH26) as well as extracellular adhesion proteins and cellulosome associated proteins, exhibited higher expression on cellulose-grown cells. The expression of these proteins increased with a decrease in growth rate. Non-cellulosomal proteins however did not change significantly between substrate conditions, although there were a few exceptions. Collectively, these would contribute to hydrolysis of lignocellulosic material for uptake through ABC sugar transport proteins. On cellobiose, chitinases (GH18) were expressed abundantly. Although a large number of proteins were shared between the fractions analyzed, some proteins were detected exclusively in the cellular fraction, while others were detected in the secretome. This study reports for the first time on the cellulolytic machinery employed by C. termitidis to hydrolyze cellulosic substrate and provides an understanding of how this microbe deconstructs biomass. The genome of C. termitidis CT1112 contains genes for a wide variety of carbohydrate active enzymes. Based on bioinformatics analyses, many of these genes appear to encode cellulosome-associated proteins, while others may be secreted extracellularly. To understand how C. termitidis degrades and depolymerizes cellulosic substrates, cells were grown on simple and complex carbohydrates, and quantitative 4-plex iTRAQ-based 2D HPLC-MS/MS proteomics was applied to measure protein expression levels in biological replicates of both cell lysates and extracellular protein (secretome) fractions, at exponential and stationary phases of growth. The resulting data have provided insight into the range of substrates that may be hydrolyzed by C. termitidis, and may be useful in determining potential industrial applications of C. termitidis in biomass to bioenergy production via consolidated bioprocessing.